General Experimental Section
Unless stated otherwise, all reagents were purchased from Aldrich Chemicals and used without further purification. HPLC grade solvents (Scharlab) were nitrogen saturated and were dried and deoxygenated using an Innovative Technology Inc. Pure-Solv 400 Solvent Purification System. Column chromatography was carried out using silica gel (60 Å, 70-200 µm, SDS) as stationary phase, and TLC was performed on precoated silica gel on aluminium cards (0.25 mm thick, with fluorescent indicator 254 nm, Fluka) and observed under UV light. All melting points were determined on a Kofler hot-plate melting point apparatus and are uncorrected. To a solution of 11-(tert-butoxycarbonylamino)undecanoic acid (9) (1.08 g, 3.50 mmol) in dry DCM (60 mL) under N 2 atmosphere was added DMAP (0.44 g, 3.6 mmol) and EDCI (0.69 g, 3.6 mmol) followed by N-(6-aminopyridin-2-yl)-3,3-diphenylpropanamide (3) (0.95 g, 3.00 mmol). The reaction mixture was stirred for 24 hours at room temperature after which time the reaction was washed with water (2 x 50 mL) and a concentrated solution of NaHCO 3 (2 x 50 mL). The organic phase was dried over anhydrous MgSO 4 , concentrated under reduced pressure and purified by column chromatography on silica gel using a hexane/AcOEt (60/40) mixture as eluent, to give the title product as a colourless oil (4, 1.25 g, 2.1 mmol, 70%); 
2,2-Diphenylethyl monosuccinate, 11
This compound was synthesized as described in A. Altieri, G. Bottari, F. Dehez, D. A. Leigh, J. K. Y.
Wong, F. Zerbetto, Angew. Chem., Int. Ed. 2003 , 42, 2296 -2300 , and showed identical spectroscopic data as those reported therein.
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Thread 5
To a solution of tert-butyl 11-(6-(3,3-diphenylpropanamido)pyridin-2-ylamino)-11-oxoundecylcarbamate (4) (1.40 g, 2.33 mmol) in CHCl 3 (20 mL) was added TFA (2 mL). The reaction mixture was stirred for 5 hours at room temperature after which time the reaction was washed with a concentrated solution of NaHCO 3 (2 x 20 mL). The organic phase was dried over anhydrous MgSO 4 and concentrated under reduced pressure. The residue was then added to a solution of 3,3-diphenylpropanoic acid 10 (534 mg, 2.80 mmol), DMAP (341 mg, 2.80 mmol) and EDCI (477 mg, 2.50 mmol) in dry DCM (60 mL) under N 2 atmosphere. The mixture was stirred for 48 hours at room temperature after which time the reaction was washed with water (2 x 50 mL), a concentrated solution of NaHCO 3 (2 x 50 mL) and brine (2 x 50 mL).
The organic phase was dried over anhydrous MgSO 4 , concentrated under reduced pressure and purified by column chromatography on silica gel using a hexane/AcOEt (1/3) mixture as eluent to give the title product as a white solid (5, 650 mg, 0.92 mmol, 39% 
Thread 6
To a solution of tert-butyl 11-(6-(3,3-diphenylpropanamido)pyridin-2-ylamino)-11-oxoundecylcarbamate (4) (1.30 g, 2.25 mmol) in CHCl 3 (20 mL) was added TFA (2 mL). The reaction mixture was stirred for 5 ESI-7 hours at room temperature after which time the reaction was washed with a concentrated solution of NaHCO 3 (2 x 20 mL). The organic phase was dried over anhydrous MgSO 4 and concentrated under reduced pressure. The residue was then added to a solution of 2,2-diphenylethyl monosuccinate 11 (655 mg, 2.20 mmol), DMAP (305 mg, 2.50 mmol) and EDCI (477 mg, 2.50 mmol) in dry DCM (50 mL) under N 2 atmosphere. The reaction mixture was stirred for 48 hours at room temperature after which time the reaction was washed with water (2 x 50 mL),a concentrated solution of NaHCO 3 (2 x 50 mL) and brine (2 x 50 mL). The organic phase was dried over anhydrous MgSO 4 , concentrated under reduced pressure and purified by column chromatography on silica gel using a hexane/AcOEt (1/1) mixture as eluent to give the title product as a white solid (6, 650 mg, 0.83 mmol, 38% 
General procedure for the preparation of benzylic amide macrocycle containing [2]rotaxanes
The thread (1 mmol) and Et 3 N (24 equiv.) in anhydrous CHCl 3 (300 mL) were stirred vigorously whilst solutions of p-xylylene diamine (12 equiv.) in anhydrous CHCl 3 (20 mL) and the corresponding acid dichloride (12 equiv.) in anhydrous CHCl 3 (20 mL) were simultaneously added over a period of 5 h using motor-driven syringe pumps. After a further 4 h the resulting suspension was filtered through a Celite ® pad, washed with water (2 x 50 mL), a saturated solution of NaHCO 3 (2 x 50 mL) and brine (2 x 50 mL).
The organic phase was dried over MgSO 4 and the solvent removed under reduced pressure. The resulting solid was subjected to column chromatography (silica gel) to yield unconsumed thread, [2]rotaxane and
[2]catenane. The formation of the [3]rotaxane was not observed in any case.
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Rotaxane 2a
Rotaxane 2a was synthesized as described in A. Martínez-Cuezva, J. Berna, R.-A. Orenes, A. Pastor, M.
Alajarin, Angew. Chem., Int. Ed. 2014, 53, 6762-6767, and showed identical spectroscopic data as those reported therein. 5. General procedure for the oxidation of threads and rotaxanes.
To a solution of the corresponding thread or rotaxane (1 equiv.) in CHCl 3 (2 mL) was added m-CPBA (2 equiv.). The reaction mixture was stirred overnight at room temperature after which time Amberlyst A-21 ® basic resin (1 gr/mmol RTX or Thread ) was added. The mixture was stirred for 1 hour and then filtered.
The residue was washed with 1 mL of CHCl 3 . The organic phase was concentrated under reduced pressure, yielding the titled compounds.
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Thread 1b NOTE: Rotaxane 2b (14% yield) was also synthesized following the described method for the synthesis of [2]rotaxanes from thread 1b.
Rotaxane 12
Rotaxane 12 (50.6 mg, 0.050 mmol, 99%) was obtained as a white solid following the described method from rotaxane 7 (50 mg, 0.040 mmol To a solution of the corresponding pyridine N-oxide (1 equiv.) in MeCN, PPh 3 (polymer-supported, 3
mmol PPh 3 /g polymer) (15 equiv.) and MoO 2 Cl 2 (DMF) 2 (10 mol%) were added. The reaction mixture was heated for 2 hours in a closed-vial after which time the reaction was complete. The solution was diluted with a solution of CHCl 3 :MeOH (95:5) (2 mL) and filtered through a pad of silica. The residue was concentrated under reduced pressure to give the corresponding di(acylamino)pyridine derivative.
Thread 1a
Thread 1a (18.5 mg, 0.035 mmol, 95%) was obtained following the described method from thread 1b (20 mg, 0.037 mmol), using PPh 3 (polymer-supported) (15 equiv.), MoO 2 Cl 2 (DMF) 2 (10 mol%) in 1 mL of MeCN at 100ºC for 2 hours.
ESI-13
Rotaxane 2a
Rotaxane 2a (9 mg, 0.0085 mmol, 96%) was obtained following the described method from rotaxane 2b (9.5 mg, 0.009 mmol), using PPh 3 (polymer-supported) (15 equiv.), MoO 2 Cl 2 (DMF) 2 (10 mol%) in 1 mL of MeCN:toluene (1:1) at 120ºC for 4 hours.
Rotaxane 7
Rotaxane 7 (18 mg, 0.015 mmol, 91%) was obtained following the described method from rotaxane 12 (20 mg, 0.016 mmol), using PPh 3 (polymer-supported) (15 equiv.), MoO 2 Cl 2 (DMF) 2 (10 mol%) in 2 mL of MeCN:toluene (1:1) at 120 ºC for 5 hours.
ESI-14
7. General procedure for the formation of picrate salts
To a solution of the corresponding rotaxane (1 equiv) in CHCl 3 (1 mL), picric acid (1 equiv) was added.
The reaction mixture was stirred 3 h at room temperature after this time the solution was concentrated under reduced pressure and dried under vacuum, yielding the corresponding salt quantitatively.
Picrate salt 1c
Ph 
Picrate salt 2c
Salt 2c was obtained following the described method from rotaxane 2a and picric acid in CHCl 3 ; M.p. . Again a splitting of the signals for the stoppers (H a and H b ) was observed at 318 K. .
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Figure 3. Partial VT-1 H NMR spectra (400MHz, CD 2 Cl 2 ) of 2c.
Estimation of the level of occupancy of the DAP unit for rotaxanes 7-8 and 12
In order to estimate the occupancy of the tetraamide macrocycle 3 over the diacylaminopyridine binding site in the synthesized rotaxanes, we focused our attention on the upshifting of the hydrogen atom at 4-position of the pyridine ring (H e ) following the rotaxane formation. These values were compared with the shift of this proton in rotaxanes 2a-c, where the occupation of the binding site is complete (Table S1 ). The examination of the chemical shift variations in the 1 H NMR of the rotaxanes revealed that the occupation of the DAP station in 7 (68%) is notably higher than in 8 (28%) ( Table S1 , c .f. entries 4 and 6). In rotaxane 8, the succinic ester station has stronger affinity for the macrocycle than the DAP moiety. In similar manner, the level of occupancy over the pyridine N-oxide function of rotaxane 12 was also calculated, being 100%. 
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Thread 5 with N-hexylthymine 
Electrochemical Studies.
Electrochemical measurements were performed on a CH Instruments 760D Electrochemical Workstation using CHI Version 10.03 software. Electrochemical experiments for obtaining the cyclic voltammograms (CVs) in the main text were conducted at 298 K using a CH Instruments glassy carbon button working electrode (area = 0.071 cm 2 ), BASi Ag/AgNO 3 pseudo reference electrode, and Pt mesh counter electrode.
All electrode potentials were referenced to the ferrocene/ferrocenium couple by doping in samples of ferrocene to the electrolyte. All electrochemical experiments were conducted in electrolyte solutions prepared using HPLC grade DCM, and were thoroughly degassed with argon. The supporting electrolyte was tetrabutylammonium hexafluorophosphate (TBAPF 6 ) at a concentration of 1 mol dm -3
. Solutions were agitated between acquisition of individual CVs and CVs were corrected for resistance, using the iR compensation function of the potentiostat. All data points were repeated at least twice and gave very similar results. Figure 5 in the main paper shows representative cyclic voltammograms and the curve shown in Figure S7 is based on the average E ½ values obtained from these multiple repeats.
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A typical methodology is as follows: To a solution of rotaxane 7 (5 mM) in DCM (with 1 M TBAPF 6 as supporting electrolyte), aliquots of a 2.5 mM solution of 1,8-naphthalimide in dry DCM were added. Care was taken to ensure that the overall volume of solvent remained the same in all measurements by allowing added solvents to evaporate in a stream of Ar such that a fixed volume was achieved. All samples were kept under Ar during measurements (CVs were much less reversible under air). CVs were recorded at room temperature and a scan rate of 100 mV/s. Shifts relative to the pseudo reference were converted to shifts vs. ferrocene/ferrocenium by adding ferrocene to the solutions after all other data had been collected.
Rotaxane 7 Figure S7 (where 0 equivalents of 7 corresponds to the reduction wave for 1,8-naphthalimide on its own). This shows that maximal shift is achieved in the presence of around 6 equivalents of rotaxane, and that the presence of further equivalents of rotaxane makes little difference to the shift. 
7
ESI-27 13. Conformational study by NMR spectroscopy for rotaxane 7, picrate salt 14 and complex 7:T.
Rotaxane 7
The occupancy of the tetraamide ring over the di ( Figure S8 ). The spectrum also shows crosspeaks relating protons H F -H c and H F -H g . Figure S8 . Partial 1 H, 1 H-NOESY spectrum crosspeaks for rotaxane 7
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Additionally, the NOESY spectrum reveals the proximity between the aromatic protons H F placed at the macrocycle and several aliphatic protons close to the diacylaminopyridine station (H b , H h , H i , H j and H k ) ( Figures S9 and S10 ). Weak crosspeaks relating protons H F -H s and H q support the 32% of occupancy over the amide function. Figure S11) . However, the spectrum shows intense crosspeaks between H F -H q , H F -H m,n , H F -H i and H C -H h compatible with translocation of the macrocycle. Also weak crosspeaks relating protons H F -H p and H F -H j have been found ( Figure S12 ). On the contrary, the signal for proton H s appears upfield (∆δ  = -0.16 ppm) as well as all resonances for the aliphatic chain. All these data agree well with a decrease in the occupancy percentage of the macrocycle at the diacylaminopyridine site, due to the association of this moiety to N-hexylthymine. In fact, the ratio of occupancy determined as usual takes a value of 32:68.
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As expected, the Figure S13 ). The NOESY spectrum also displays a crosspeak between H C and H h . Moreover, strong signals are observed between protons H F and those of the aliphatic chain H i-p ( Figure S14) . Finally, the NOESY spectrum displays also weak crosspeaks between H D -H q and H D -H s ( Figure S15 ). Figure S13 . Partial 1 H, 1 H-NOESY spectrum crosspeaks for rotaxane 7 in the presence of N-hexylthymine Figure S14 . Partial 1 H, 1 H-NOESY spectrum crosspeaks for rotaxane 7 in the presence of N-hexylthymine ESI-32 Figure S15 . Partial 1 H, 1 H-NOESY spectrum crosspeaks for rotaxane 7 in the presence of N-hexylthymine 14. Crystal data and structure refinement for 1c and 2b
Picrate salt 1c (CCDC 1051908) A yellow prism-like specimen of C 42 H 34 N 6 O 10 , approximate dimensions 0.0400 mm x 0.160 mm x 0.300 mm, was used for the X-ray crystallographic analysis. The X-ray intensity data were measured on a Bruker D8 QUEST system equipped with a multilayer monochromator and a Cu K/a Incoatec microfocus sealed tube (λ = 1.54178 Å).
A total of 2331 frames were collected. The total exposure time was 25.90 hours. The frames were integrated with the Bruker SAINT software package using a narrow-frame algorithm. The integration of the data using a triclinic unit cell yielded a total of 110777 reflections to a maximum θ angle of 67.29°
(0.84 Å resolution), of which 13311 were independent (average redundancy 8.322, completeness = 98.7%, R int = 7.51%, R sig = 3.74%) and 11007 (82.69%) were greater than 2σ(F 
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Figure S16. Molecular structure of salt 1c (CCDC 1051908) with thermal ellipsoids drawn at 50% probability. For clarity, the picrate anion and a methanol co-solvate molecule have been omitted. 0.250 mm, was used for the X-ray crystallographic analysis. The X-ray intensity data were measured on a Bruker D8 QUEST system equipped with a multilayer monochromator and a Cu K/a Incoatec microfocus sealed tube (λ = 1.54178 Å).
A total of 4232 frames were collected. The total exposure time was 70.53 hours. The frames were integrated with the Bruker SAINT software package using a narrow-frame algorithm. The integration of the data using a triclinic unit cell yielded a total of 75241 reflections to a maximum θ angle of 66.78°
(0.84 Å resolution), of which 9349 were independent (average redundancy 8.048, completeness = 99.5%, R int = 4.94%, R sig = 2.58%) and 8146 (87.13%) were greater than 2σ(F σ(I) with 6.738° < 2θ < 133.5°. Data were corrected for absorption effects using the multi-scan method (SADABS). The ratio of minimum to maximum apparent transmission was 0.868. The calculated minimum and maximum transmission coefficients (based on crystal size) are 0.8426 and 0.9654.
The structure was solved and refined using the Bruker SHELXTL Software Package, using the space group P -1, with Z = 2 for the formula unit, C 67 H 57.75 N 7 O 7 . The final anisotropic full-matrix least-squares refinement on F 2 with 773 variables converged at R1 = 5.68%, for the observed data and wR2 = 13.16%
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for all data. The goodness-of-fit was 1.104. Figure S17 . Molecular structure of rotaxane 2b (CCDC 1051909) with thermal ellipsoids drawn at 50% probability. 
